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At present it is already a well documented fact that the interactions bet- 
ween soil invertebrates and their internal as well as external microbial 
partners play a decisive role in regulating the nutrient cycling processes 
in forest ecosystems /1,2,6/. Although there is a very extensive literature 
on the contribution of these interactions at gross level to the annual tur- 
nover of elements in many ecological systems studied, relatively little is 
known about the composition, nature and dynamics of gut floras of litter and 
soil feeding invertebrates. But considering the complexity of microenviron- 
mental factors which govern the organization and activities of gut microbial 
communities, and the inadequacy of many of our methods used for studying 
them, this is not surprising al all. Below we present only some selected 
problems, which however arise frequently on studying the gut floras and the 
invertebrate-microbial interactions. 


Serious Difficulties Arising on Taxonomic Identification 
of True Indigenous Gut Bacteria 


It is evident that any comparison between different intestinal microflo- 
ras, either on functional or structural bases, can be exactly carried out 
only with taxonomically identified isolates. But is this aim always attain- 
able? Unfortunately not. The true indigenous intestinal bacteria of soil in- 
vertebrates are only partly identical with those of the vertebrates,but fre- 
quently they are less or even completely unknown organisms. 

In the early eighties we showed that yellow coloured bacteroid smearable 
nocardioform actinomycetes producing fine Gram-positive hyphae fragmenting 
into rod shaped and coccoid elements and characterized by type VI.cell wall 
chemical composition are typical members of millipede gut floras /4,9/. The 
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first species, the strains of which were isolated from the gut and faeces of © 
Chromatoiulus projectus (Diplopoda), was described by the collaborators of 
our Department as Promicromonospora enterophila /5/. Some workers, however, 
are of the opinion that this organism, owing to its ability to grow anaero~ 
bically and ferment glucose as well as to its other distinguishing diagnos- 
tic properties, does not belong to the otherwise less known Promicromono~ 
spora, but to a new genus. According to other workers, as regards the parti- 
cular phage-sensibility spectra of our P.enterophila strains, it would be a 
new atypical Oerskovia species. But among others, also the existence of Oer- 
skovie as a separate genus is still questionable. 

In 1982, discussing the problems of millipede bacteriology at the VIII. 
International Colloquium on Soil Zoology in Louvain-la-Neuve (Belgium) Profes- 
sor J.M.Anderson (Exeter) mentioned that on studying the microflora in the 
hindgut of Glomeris specimens by electronmicroscopic observations, he detec- 
ted the presence of monosporic actinomycetes. In the following year, in our 
Department, Chu Thi Loc isolated from the gut and faeces of Glomeris hexas- 
ticha an unique nocardioform monospore actinomycete. All of the studied 
strains of this gut actinomycete proved to be morphologically and biochemi- 
cally identical with each another. Accordingly, in the gut of this millipede 
exists a homogeneous population of only one nocardioform species which can 
be clearly distinguished from the nocardioform partner (P.enterophila) of 
Ch.projectus. This organism shows a very complex life cycle involving oval 
or sphaerical spore-like bodies, chlamydospores, rod-shaped solitary vegeta- 
tive cells or hyphal bits, unseptated extensively branching substrate hyphae, 
swollen vesicles and subterminal vesicular bodies. Our G.hexasticha nocar- 
doid-strains proved to be catalase, urease and phosphatase positive, cellu- 
lase and oxidase negative. They hydrolysed Tween 80, tributyrinjZ sesculin, 
tyrosine and gelatin. They did not survive heat treatment at 70°C for 4 hr, 
but grew well at pH 11. 

They were sensitive to penicillin (310), oxacillin (10 ag) and vancomy- 
cin (50 bg). At the first taxonomic approach to: this nocardioform gut popu- 
lation of G.hexasticha, we supposed that it represented an intermediary ta- 
xon between the genera Oerskovia and Promicromonospora. This supposition see- 
med to us the more acceptable because the life cycle of our strains resemb- 
led greatly that of P.citrea /7/. This idea was, however, not corroborated 
by the result of our cell wall analyses, which revealed that this gut acti- 
nomycete is characterized by a particular cell-wall chemical composition(di- 
aminobutyric acid and glycine are present) and its whole cell sugar pattern 
is type C. In the final analysis, the actinomycete partner of G.hexasticha 
proved to be unidentifiable also at generic level because the combination of 
diaminobutyric acid, oxidative metabolism, substrate mycelium only, produc- 
tion of vesicles, and monospore-like bodies is lacking among the actinomycete 
genera recognized so far (Fig.). To introduce it as a new genus would not 
offer a problem-free solution either. Nevertheless, at present we have very 
few data about the range of variability of nocardoid genera, and the taxono- 
mic significance of the cell-wall chemical composition is also questioned by 
some workers. All these clearly show that the correct identification of an 
indigenous gut microbe frequently encounters great difficulties. 
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Fragmenting nocardoid 


actinomycetes 
In the cell-wall There is no diamino- 
diaminobutyric acid butyric acid 


is present p” 


Catalase: negative Type VI, Type I, 
Agromyces cell-wall cell-wall 


Aerial mycelium 
present 
Nocardioides 


Catalase: positive 


Nocardoid partner 


of Glomeris hexasticha No aerial mycelium 


Intrasporangium 


Oxidative metabolism Glucose fermented 
No motile elements Motile elements 
Promicromonospora citrea Oerskovia spp. 


Glucose fermented 
No motile elements 


Promicromonospora enterophila 


Tentative systematic position of nocardoid actinomycete 
strains isolated from faecal matter of G.hexasticha among the close- 
ly related nocardoid genera 


The Question of the Presence and Activities of True 
Intestinal Bacteria in the Soil Environment of the 
Host Animal's Feeding Habitat 


The population densities of soil invertebrate gut- or faecal-floras and 
those of the soil or litter matters themselves of the host animals' feed- 
ing habitats were in many cases subjected to comparative studies. The pub- 
lished results clearly showed that the total number of bacteria is in the 
hind gut or the faeces of millipedes, woodlices, fly larvae, earthworms,etc. 
many times larger than in the soil, litter, etc. consumed as food matter by 
them. On the qualitative differences in the composition of these bacterial 
floras, however, we have only very few information. 
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The established gut bacterial biota of soil invertebrates is generally, 
composed at any time, of two large fractions /3/: a, certain common soil bac- 
teria, which can multiply also in the animal's digestive tract. b, true in- 
testinal bacteria among which there are more or less known enterobacteria of 
vertebrates, and particular less known or unknown gut bacteria characteris- 
tic of individual species or groups of invertebrates. 

Using the International Streptomyces Project (ISP)-criteria and ~-methods, 
in this year, we detected the codominant occurrence of such typical soil 
streptomycetes in the gut of earthworms (Octolasium montanum, Fitzingeria 

latyura depressa, Allolobophora rosea, adult and juvenile specimens of Lum- 
bricus polyphemus) as are Streptomyces olivaceus, S.antibloticus, S.longis-~ 
poroflavus, S.violaceoruber, etc. A computer analysis performed also in this 
year by us on the complex intestinal flora of the millipede Cylindroiulus 
boleti revealed that the soil bacteria Micrococcus’ roseus and Bacillus ce- 
reus can attain prominent community position among the indigenous intestinal 
colonizers of this animal. Of course, many other soil bacteria do not survi- 
ve the intestinal passage, or at least pass inactively through the digestive 
canal. 

At present most data are also in the literature, at our disposal about 
the occurrence of true ubiquitous enterobacteria in the gut of soil inver- 
tebrates. E.g. in the last years we isolated from the fresh faeces of the 
millipede Chromatoiulus projectus a lot of Klebsiella sp., Enterobacter sp. 
and Pseudomonas variants. Earlier we obtained Enterobacter aerogenes strains 
from the hind gut of Bibio marci larvae. About the survival in soils and the 


patterns of transmission to the young animals of these enterobacteria we 
have, however, very few data or none at all. The data obtained on the parti- 
cular gut bacteria of individual soil invertebrate species or groups are 


more sporadic. During the last two years, we carried out many series of la- 
boratory experiments and analysed natural soil microbiotas to clarify the 
factors which influence the survival of Promicromonospora enterophila in the 
forest environment. Our summarized results are presented in the Table. 

As can be seen, it is impossible to survive for this true gut actinomy~ 
cete in the soil (A,~horizon matter) of the feeding habitat of its host ani- 
mal, in the presence of the complex natural microflora at a water content 
of about pF 2, which is in general the most advantageous for intense micro- 
bial activities. Under such conditions P.enterophila completely disappears 
from the soil within only 1-2 months, and this process of elimination is sti- 
mulated if the activities of the microflora is increased by adding glucose, 
peptone, yeast extract, etc. to the soil. This is the reason why also in na~ 
tural soils which are densely colonized by the host millipede, P.enterophi- 
la occurs only sporadically or not at all. E.g. among 1582 random isolates 
obtained from a composite sample of the Ap-horizon (feeding habitat of Dip- 
lopoda) of a brown forest soil (W.Hungary), Promicromonospora-0erskovia ty- 
pe microbe was not detectable at all. In other cases, from among such a 
large number of isolates only oneor two proved to be Promicromonospora. 

In all cases when we decreased the antagonistic potential of the complex 
natural soil microflora, e.g. at very low water content (pF 6.0), the sur- 
vival ability of this organism increased considerably, and in sterile soil 
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Survival of Promicromonospora enterophila-strains in Apchorizon matter 
of an eutrophic brown forest soil under experimentally modified 

* 
environmental conditions 


Experimental conditions Duration of survival 


1 Natural soil conditions at a water content 


of about pF 2 1-2 months 
At a soil moisture of about pF 6 > 8 months 
3 In soil enriched with 1% glucose at pF 2 1-2 months or less 
In soil enriched with 1% yeast-extract 
at pF 2 very short (only weeks) 
5 In heat sterilized soil at pF 2 >1 year 
6 In heat sterilized, air dried soil >1 year 
7 In heat sterilized soil (pF 2), together 
with Aspergillus niger >8 months 
8 In heat sterilized soil (pF 2), together 
with a Penicillium sp. >8 months 


ad The ability to survive under the given environmental conditions was 
checked by extensive reisolations after exposure. 


it could survive for more than one year without changing its biochemical ac- 
tivity. 

Concentrating research more intensively also on the qualitative taxonomic 
and functional differences between the invertebrate gut and soil bacterial 
floras is likely to leadi'to more rapid advances in this field of soil zoo- 
logy. 
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